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(54) SEMICONDUCTOR DEVICE AND MANUFACTURE METHOD THEREFOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor 
device having a polycrystalline semiconductor layer with a 
large film thickness, which is formed on an insulating layer at 
the same time of epitaxial growth, and to provide a 
manufacture method therefor. 

SOLUTION: A Si/SiGe layer 7 constituted of a Si buffer layer 
7d, a SiGe spacer layer 7a. an inclined SiGe layer 7b and a Si 
cap layer 7c is epitaxially grown above a collector opening 5. 
A polycrystalline layer 8 is deposited on the upper layer of a 
nitride film 6 and on sides of an oxide film 5 and the nitride 
film 6. Films of a SiGe spacer layer and the like are formed 
after the Si buffer layer 7d is formed. Thus, non-selected 
epitaxial growth is surely performed, and the polycrystalline 
layer 8 is also deposited on the nitride film 6. 




LEGAL STATUS 

[Date of request for examination] 31 .07.2003 

[Date of sending the examiner s decision of 

rejection] 

[Kind of final disposal of application other than 

the examiner's decision of rejection or application 

converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's 

decision of rejection] BEST AVAILABLE COPY 



[jbate of e'xtinction of right] 

Copyright (C); 1 998.2003 Japan Patent Office 



a9)H*s»«iFff (J p) 02) ^ Pi 4# ^ ^ 



#112003-297847 
(P2003 - 297847 A) 

(43)4i^ifiB ¥^15^10^ 17 B (2003. 10. 17) 



(51) Into.' 
HOIL 21/331 
21/205 
21/8222 
21/8249 
27/06 



F I 

HOIL 21/205 
29/72 



f-v3-r(##) 

5F003 
S 5F045 
H 5F 0 4 8 
321A 5F082 
1 0 lU 

gf^Oftie OL 19 K) flk»M»aK< 



27/06 



(21) a«»# *HS2002-99009(P2002-990a9) 

(22) tiUfiB W4*4 1 B (2002. 4. 1) 



(54) [38K©«»1 sN»#«KRt;-eo«jfi*af 

C57) tSif«)] (^iEW) 
^$ n2>IS/l®:^* <'»^^*SS^^<*® 

®7d. S i Ge^'^— !^-)17a. ffi*4S i Ge®7 b 
RCJfS i =^*-^:fm7 c*>e.te^S i/S i Ge®7* 



(71)Ui0A 000005821 

:*:IR)SPWre:*:^nJitl006«ia «TfiiS 

(7»%;9# nm fli 

^IEJ^n5*m:<t^n»1006*«l «iT«88 

(7«fmA 100077931 

t3ffl 9t (*l'7*) 




(2) 



±iS»tS©ffeg|5tC|8: W htifcMMM t . 

n. Si, Ge.,C.. (0<xl<l. O^yl 
< 1 ) •ca3*x-SfflJ«S=&*TS*^(*Jl<t. 

JHj£StCj:0J^)5;3*^. ffl5E*iS i, Ge.,C,. 
(0^x2<l. 0^y2<l. l-x2-y2>l- 10 
X 1 -y 1 ) ■CftSnS-'^i'^rMi. 

±ffi^a«*JSW. S i G e @X« S i G e C Ht?* 0 > 20 
±^^^^B^mmmii, ii>& < 1 4> S i G e «:StyC t 

±iz^^^B^mwmit. M I s b m 
B i CMO s f^^<-< ^ i u-c«i«6-r 4 C i ^ritffiki-r 4 

6 ] W^iB 1 ~ 5 © 5 %<,>m*i 1 -:>tctaiS 
iS-'-' •> 7 T IB©/S*»^ 2 n mlJLhr 2 0 n mtiT-C 
[iS*557] )flfiS5!»JS i Ge.,C„ (O^x 4 

3<1. o^y 3<1) -C^Sn-S^feSOTiftlBt. 

(a) <b. 

±iBXIi ( a > (Dm.'C. ±^^^a®TttJB®±tC, ffi 
ja*JSi,.»-., Ge»C,, (0^x2<l. 0^y2 

o^^^Mwm^mtrz>iM (b) t. 

±^Xg (b) CDS^-C. ±iB^^'^' 7TJg©±{i:, S i 
. Ge.,C., (0<x 1< 1. Ogy 1< 1) 



1^132 00 3-2 9 7 847 
2 

jtieiH®**^©)ia<Si±ta'''^* ii©fflfi£i©ffl«^ 

tt. ie(l-x2-y2>l-xl-yl) -C«3tiS 

M^Jtri* s c i St i-r ?.*««^s©«ji:&?*. 
mim 8 1 if 7 ie*8©*59f*ig!a©S!ijfi*^«: 

±iexfs (b) -rij. ±12111 ©^fea*^(**««a 

[iS*S9] i«^^7X»8iBtt©^l^(*^S©iSJ£ 
±fBXg ( b ) ^> ±iBXS ( c ) J; 0 fcl£S-CtT* ^ 

[if 1 0 1 If 9 %mo'4m{mm<o^-nm 

±iBXg (b> h (c) iK*JWSaaM»v 1 O'Cti 

±-c 1 0 o*cciT©ieH"c*2>ci*«Fiai-r4**(* 

^B©Mii**. 

[i«*^in it5SJl7-i oc^fei^rnA^i-^K: 
±iBXS (a) ». i|i^^^g«:lS?a5C«}#L./c«. ± 

laxe (b) 4?fft5iaK*-cKia-r5J;5«:ff^ct) 

±iBX@ (a) K*il:rS±fBI*fi©^*«:tet»»-C. ±E 

iffi^jl©±{c±iaxii (c) {c*iW6^iX»l^2©^ 
ifS^^ftJS© fc^ ^ + jUfiSS©/c«f)©1^©^* 

ia«©*^f*^s©»i*^^«^*J<''"^ • 

±ia^^<*eW. S i Ge)lX»S i GeCB-C*>«3, 

i|i^«:^g©K^:^i*. 

[if^nis] i«*ja7~i 2©^ fei^-rn*^ !-:»«: 
iats©*3jflcSgiB©»jt:&^<c*ji»-r . 

S©ii>^C< tfc— g|5-C*)-oT, 

[ if ^ 1 4 ] if 1 3 um>^4mmm.<o'^-n 

±iB»l. ®2©^JSS*Ji<*BW. Ml S 
i»©ii>nc< ifc— SP-CftoT, 

B i CMO Sf=^^V i 0-r«ft6T«>iNS<*^SS:JKRS 

50 Cif5joii5] if3jc^7~i 4©5%i,>-rn*»n«: 



3 

±iBXfi ( b ) RZf ( c ) Sai©*^t*!!S"Ctft>*ii 

±^Xg ( b ) R?>' ( c ) 4 0 0 •CA>6 6 5 O'C© 

[0 00 1 ] . • 

[0 002] 

m^^ommi se*«t o . ^ -f ^k- ^ h ^ > t> 

^*i^^^c^f*^n■cc>■5, fNfcc. sia. s i Geigs* 

^ft;Sr^-^^)ai07:fflO-5K* (S iGe-^f"a«-^ 
/NV*-7h7>5^X*> JWTS i Ge-HBTii^ 

[OOO3]014 (a>~(f)». fi£*©atRS i 
Ges.\^ii^iy^}^!S,^Wi^mi^^tcS i Ge-HBT 

[0 004] i-r. 014 (a) KTT^-rxsx*. pm(o 
i^n 1 0 2 ^mmLMk. i o i ©±(cn 

- if^ + i/'f JVBl O3«:0R£-r«.. -ewt*. 

mmmitm i o 4?:fl5fi£r?>. 
[0 00 5] ;jctc. 014 (b ) ic^-rxm-c, gvd 

tttc J: K) . ««±«:K^k|g 10 5. ^^tlS 1 0 6 

S?5l5*mi>r. mMi oetc^ue^^lBPSiJi 1 5 

[0006] >Xtc. MBE. UHV-CVD*^l»«L 
p-cvD^SB^fflt^t:, aUd^^fPiPSPl i 5©± 
tc. S i + 1- f tT*)!. S i G e X-^-1^)lfcJ:C/^4S 
i Gell*>e.tt-SS i/S iGeSl 07^:it-a?+f 
-^JUfiiESS C©it. SJRS i Geib-^'=^='>1' 

[0007] -XK.. 014 ( c ) {C;:Tf Xg-C. WR± 

mt:t.y^lyiftmt^m^^X. Si/SiGelSlO 
7©Eti*Si5©±fC, gj{bli 1 0 9 ^^T. 



I !^ga2 00 3-2 97 84 7 

4 

[0008] -e©^. 014 ( d ) 4C7nTXS"r . 

^itSU. C©!i<'J->U3>lil 1 OtC^F^i^iLTJj? 
0>*-f*>iiAl^fcS> ;J<'Ji^y3>|gl 10©±tc 
^{bKl 1 l^iltt^-S. ^b-C. 7* h'JVi'?:?-^ 
-RJI5i3^-:'9^>^C?JSi:*ffl<'>-C. K<blg 1 1 IRC^ 
;j<y>>y3>iai 1 OfciS^'a'MPSPl 1 e^J^fST 
■5. 

[0 009] ^X^C. 014 ( e ) CCTj^TXgr. »«Jc 

'f-z^if^mji'^'c. mitmi 1 1 i)j<y'>u=j>igi i 

0 ©comK: , m^mv- ^ H -^7 * -^n 1 8 tm.\tm- -< 

F-t/^-JH 1 2i«:}f5fiS;-r2>. 3e.K. •^X'^hx^r 
5^{CJ:0. KfbKl 0 9©9fex5 -^dfUPSPl 1 61^ 

-CSaibtUSS|J^5'«:^*-r2>c 

[0010] -e©^. 014 ( f ) ic/n-rxs-c, 

±CC. iS •:.»«ffi<!:i5:?>NS©sPy5^y=3>8i*«a 

20 5 5> ^5i* y 'J 3 >ali 1 1 3 ^jkrst S. •€•©». R 
T A^c i'©l»<Kiffi*tf X S ^fjH y U :3 >S® 1 

1 35&^6NS?^*«'BS?:> S i/S iGeBl 0 7cti©S 
i + f T-g^KjfitfcSli-C. S i Ge'<-;^JB©±»C 
S i x5 ^r*B«:»fiS-r5. C©KMK:J:»3. x5!?d» 

[0011] fei±©XgCc J; 0. Si-SiGe-^'fa 
S^&8B*«r €> S i G e - H B T*5}gfi£$ tl-S. 

[OO12]015{*. 014 (f) (Oxsr-ymK-m-t 
»iWcfcWSS i Ge-HBT©S i /S i Gelll 0 
30 7©«»BSfl«)fe««Si. ai3:fiFlfiI©Gefi^^©^a:;T 
-Y;l'?:iB-r0-C*.S. P0fC7j^-rJ:5ic. S i/S i G 
e®10 7«. N- xf a!=^=V*JHl 1 0 3©ii:±«:& 
K — "^'OS i Ge;^'<— iflBl 0 7 ais S 

i Ge;^-^--9-)a 1 0 7 a©±tC|9:W6n?cM*4S i G 

elil07bt. S i +f -^^'Hl 0 7 ci«:J;ot:« 
(S3ti"Ct,='-5. -ei^-C. S i ^i' f 0 7 c©^% 
±g|J». NM:T;*fi!^3&**t»K:j; 0 H-T-snTrx = 
B<t 0 . S i + I":' ^11 1 0 7 c©Ta5*«-^-:^B© 
-SPi^cS. -^-U-C. I^S i GeBl 07 btC*il»-C 
40 ». S iGeJ^'^-lMBl 0 7a*>e.S i+-»'5':?"IBl 

0 7 clC|tiI*>o-C. ®Ilifl«JK:GefflER^*ij«i!>Ot:i» 

[0 0 1 3] 01 6». fie*©S i Gext»+->ir;l/ 

fiSg©«»WncMS->-^>^*^'^l3'^*^° ^^"^ 
». UHV-CVDaocJ;-£.S i GeXtrd'+i^+^Hg 

tiRgtCOti-cai'^S**. LP-CVD^*J:C)fMBE;ffi 
[0 0 1 4 1 0 1 6tC*3n6J;^'C. if-{S>i^tl 

so oo-C'?x/>*si£g^i'>'^-rttcSAi/fc^. 5 



(4) 

5 

>y t 1 0 1 -C. 6 5 0*C*>6> 8 0 0 'CgaWiSjai-C 
^L/. aJ-^5>^<t 1 0 2*>6t 1 03S-ecDBI (FIJ 

3>iRrc;3^*. ^.mi£©i«t'>s ioiu-c^* (» 

[0 0 15] S i +S i-*2 S i OT 

dJ-f S>i^t 1 0 3*>6t 1 04*-c©H-c. -i? 10 
x-'>©iaS*5 0 0 'Cifih 6 5 0 -CgKOfiXfiSS* "C 
fiTSiifcfa. £>i^t 1 04*^6t 1 05*-r© 

r. S i G e :^-<'-^m 1 0 7 

a©jsiBi»> 5«>f 5>i't 1 0 4xpe.t 1 0 5*-c©ra 
-SfiSS©i^v^> (Si, H, ) . •=eyy;bv> 

(GeH, ) *'?.i-'-»±®«^«*&"^^c:<^'^J^^^Tiato 20 

ifc. i GeHl 0 7 b©fiRIS». 5 

>y t 1 0 6*>6t 1 0 7©ra-C. 

(B, H. ) ©ayi*5— Si»'»^^feft=«»*>'i:"^« ^^'^ 
;l/V>©SSS«rSPgWtc^^3li-CG efflfS^K^* 

om . — SijSS©i^ 7 > * -i? X ^>±ffi«:#tj&-r S C i 

[0 0 16] tC^-C. «fl§^5-175 2 

2 2ii?a-f>!^K¥6-6 9 43 44ir#aK|i7K3nt:C>^) 3C 
J;^OC. S iGe-HBT©8jSK|©^. 5^y3>Jg© 
±CCS i Geiff + ->f JUS^'SS^-'^^'i^'^^'^- 
fcS i Ge^JgSIS'fe»iRfi5^<t^i^«>^PSl'?S i G 

t'5f^^'> + 14 ( a ) ~ ( f ) {cn^-rx 

<!:©PatC. ^teSS i /S i G elSAiJ^fiSSn^©^. 
d<'Ji/';a>lgl 1 Oi^S-ite^S i/S i Gelgi**'^ 4 

t m Lm«B©ei6ta<b*^^-r * c i ic^^ 

[0017] C©J:^^cS i Ge-HBT©Mj^t<:*iJffl 
Sn-5^^jlf?S i Gexf^+i'i'^l'fiSg^^lSl*. iilT 

il) y 3>a«±'^®m*S^B S i G e ^©x f3» + 
ix-fJl/E!cgil^B*«:. iffe^)l©±tC0.|S^S iGe«*5 
J^fiSSn. C©^*gSS i Ge|ji»|frteB^S ilgiCtb-i : 



!Hf^ 2003-297847 
6 

-C-ll2lcl:bl6Sx*m>. I^K, S i Ge-HBTt?«. 
JiifSStcB K-:7'§n/cS i Ge^*SSIS«:>'-^V d<-7 

(2) B i CMOS7"c3-fe;^{Cfet»-C». ^*gSS i G 
-gBiL/T:Sl^-S/cWC^t<, MOS h7>i>:^*©'!^ 

-hmflBii>-r'bffl(r>'5ct*irsi>©-c. y-hteta 

(3) jStRS i G e I f:Jf =^V-f Jl')SS6EJI5^ffl''^?<^lS 
)i!cS*fr©^ft3>'i^ib«: J: 0 . jS»?RSESl4*K -Tn 

[0018] 

[lfeB^*i»^L J: 9 .fc-r SSlia] feUi©J: 5 tc. $mtR 
S i Gexf^?=^=i^->'Jl'RS;Se?^l5«, SiGe-HBT 
©^M#14f^±©Sft-^>'3^=*^*B'^*^**^ — :^ 
■C. iUT©<fc^'^J:^*^^*'2>^'^^*****'''"^''**- 

(1) s^y=i>e±r©B£fiiM^cO. ^fbS -mi® 

•fe>^^>^©#ji&ia*&tc*tL/t:, *6SS±-ci*fiKSBa*&* 

(2) S i Ge*©GeifflfiS*©JtJjntC#C». ^^S»lt£ 
[0019] ±ia:^=*^ ( 1 ) KJ; 9 > S i G e^*§S 

fc. S i /S i Ge)l©xtdf=l^i/i'^l'fiKS*tC. 
S©±«:+^«:lf ;!i'©^ifeSlS«:}f5)S-r«. C tifiX'^ 
•r. itelft6f3tc-<-xt£iA©<SiS*«^3ni3:(,»*J^*i*s 

4,2,. ^fc. ±13^^ (2) K:J;«3. ^^StRS iGe 
xfd'^'^'-f ^l'fiS;StcJ:.5'<-:^IS!rt©te^i, Geffl 
fiR^©ti:A:K J: Sil5S?ei$14©i6i±©PiiE:*SE»ift 

0 [0 0 2 0 ] 0 1 7 (a) «. ±iBeie*©¥^i*«S<D 

lijg^:^^ jSJKx fdf + V + ;l'^rfflt='t:jKfSL/fci #© S 

i G e X f ^ -> * jUJg©®!® S E M^*0-C* 

It. la 1 4 ( b ) (Cii^-r J: ^ %^<blg 1 0 5 Rt?S<bIg 
l'o6©J^fi!ctt«BS3n-rt,^S. SI 7 (a)©^ 
«. GeiBfiR^*si 5%-CJS^4 0nm©S i GeX'^ 
— »?-®10 7ai. Ge«aBS**n 5%*i6 0%K:^^t 
T-Sil*4 0nm©fil«4S i Ge^l 07 bi. 
Onm©S i+t^-y^-m 0 7 c<b*W-r2,-9->7*Jl'* 
50 ffli,>-c»^3nfc4>©tr*«,. igEK:m-rJ;^ic. N- 



(5) 

7 

/S iGeBl 0 7*ii?fiU-Cl,»?.lct.Jfi)*?6"r> ^T- 

[002 1 ] 01 8«. (1) . (2>CD/?. 

H4§e.tCl¥L<ai'^Sfc*«:. S i Gexb'i»=!^->1' 
S i JI/^. ffii»)l±©l^*SS S i ^ 

[0 0 2 2]-««:. S i il^f +i^i'^l'liJ:0*>S i 

G e X f + i/- + JHiCD:&A55£SilS**::*: * ^ S i G 
eif^' + ->i'-'l'^<^>SXSSS:». SiGe*©Geffl 

[0023] iffiii^)i±-t?©^*§SS i i G 

eKOJfJfSCDl^tCW. /f.^:*/:5^©4J»KJ:2,S i Ge^ 
fi^CDJfJliSi. J^)S34lfcS i G e ©ieJ«lg©«W*^ 

F^w^ciin (rsmKi) *^^ne. ^^soa 

[0 0 24] S i Ge-HBTK:*JC»-C», Si 
/S i G e B 1 0 7 ^^-^^ :^S:tf-©il.^ (ffl 

±111,53 i Ge®=&}^fiS-r-5.CiW-C#<ct,>. */c. S 

i Ge-HBT©ii[®agt$tt*l^±3'»*2>''^*«^«> •'^ 3C 
i5Ge!figR^©;^*ttS i G e ifc*4»+->i'^l'S«:fflt> 

Ge*©Geffi)S^©ti:^K:{ftK SiGeit^ + V 
•i';UJg|CDfiRSjSe**3i< aSC ^leas i G e 

IK© i f + ^ufissi* * ^ s -rsWfH-cj^T -r s ♦s 
j^^$ns*-c©jif^B#ra (01 8#KS) w*-r*-rs 

1 %fiK©l«G e!fflJ?£*©'^-^)l*^'^ 2> S i G e - 
HBT-C». 017 (a) K^f J: ^ tcSi^©^*SSS 4 

[002 5] W±©J:^(C. SiGe-HBT-CW> S 
i/S i Gell 1 0 7Siy:'e©tt'©S i Gelg©Wi?^*« 

r , S i G e m<OS. f + •> + JUSS^rtf ^ S^i)^^ S 
^c*. #jitRxfi?+J^ + Jl'fiXS?:*0ffiO-Cilfe»ll©± 

l»Ci*Sto*>-^fc= S i Ge-HBTnj^©#^ 

;^©mM!|$ttlSl±©^c&lC, S i G e i f^f + 

->i'-iHi't>oGeiS)?5i;^*iii:^3ti^>ocset>. ^t^aiffi : 



!|$i32 00 3-2 97 847 
8 

©j^)a;*i s -r * -r Hiitc^c s i t ^ ^ $> s . 
[ 0 0 2 6 ] $ mmm<omM±K:mf&$tifc§^^ 

t^i|i-c©T«!lgiift?>/cfe. VVif^7^~ 

[0 027] G effiRS^iSlRttOH^tCOli-C 

». m«yC©^tilS«:#RS^*C:i*ST?#S. :K.Aket 
aqawa jpn.J.Appl .Phys.Vol .3ia992)pp. 1432-1435,* S 
elective Epitaxial Growth of S1 and Sil-xGex Films 

by Ultrahiflh-Vacuum Chemical Vapor Deposition Usi 
nq Si2H6 and GeH4' o 

[ 0 0 2 8 ] *^H3©SW». S i Geit*dif=^^i^i'^l' 

fi5(;:^©#^SlRl§^l*a±^-'**'^*<^®**"^* ^i^'^ 
J:0. S i Ge-HBT^©*5i<*7^A^;^©!^tt5:g; 

[00291 

mm<D-mcm^i e. nfcmi^B^a©Tiftii t , ±iHas© 

+~>tJl'fiKSlcJ:«3J^fiSc3ti. Si,.,i-,, Ge„C,, 
{Q<xl<l. 0 1< 1 > "C^3*T-S^«rW-r 

Ge.,Cv, (0^x2<l. 0gy2<l. 1 
-x2-y2>l-xl-yl) -C*Sn^>'-?f -7 7)1 

[0030] cH(cx *) . r^mi^^mmmt<Dmic, 
n> im^)i©±cc}^)jSE5ns^i^s*^i*5*. /^*•:'7T 

[003 1 ] ±IB*ISS©Tfl&H». =i»B-C&?> 

3 [0032] ±iE*^»B». S i G e®X»S i G e 

ia^|gS^^<*Bli. ii>^c < t S i G e *^ty C i: 
<fc9> tg!n©/h3<r»l&ieSS i Ge^t?^#SS*^(*B 

[003 3 ] ±ieT«6il». I' ^ iJ'iit?* 0 . ±iB* 
io [0034] ±iB^tifeS5|£i»»ett. M I s h 7 >i;;^ 



(6) 



[003 5] ±ia''^' HO/i^li. 2 n mfei±t? 2 
0 n C i*ijf * bC*. 

[00361 *ffel«<D^(*^S(^3S'^3^'S«< 
S Ge.aC, (0^x3<l. 0gy3< 

1) -cm.sti^mi^^B<oTimt. mmmt^mr^m 
!K®7'ui'y-^>i'*tf^c^xg (a) ±taxs 

(a) <Dm.t\ ±Mimm^B(ori&m<o±ic. mmifis i 

r Ge..C.. (0^x2<l. 0^y2<l) -C 10 

i|i^l*14it«i"'5>XS (b) i, ±IBXS (b> 
"C. ±iB/>* f t)1©±'J^. Sii-.i-vi Ge.,C 

„ (o<xi<i. o^y i< 1 ) "c-asn-sfflis?:* 

■T'SXe (c) J;tB^|i^*Ii<D^fiS;<b±f^-'^• 
•:.:7TlS©ffflB£i©HIKW. ^ ( 1 -x2-y2> 1 - 20 

X 1 - y 1 ) ■C^StliM^***^). 
[0037] C(D:^mtC^*}. (b) KiiC^-C. /t 
^.7tI1©S iJ|iRS;^*iJtg?6^:^&C>Ci*^6Xg 

(b) 4cS-r'SB#H*sttt!l!e^S<*c*. htcifir>X. -t 

'^L'"^< Xg (c) 

fc*jc>-c . c©M 1 <D^*ss*@<*®*s^ 2 

-ot*). xmic) ^ci5m,3L}l^^^iy^r)l'^S.A<o0m 30 
!Rtt7Si|Sl±T.SC itches. 
[00 38] ±IBXS ( b ) -C«. ±IS^ 1 (O^mFB^ 

[0 0 3 9] Jiiaxe (b) *. ±iBXg (c) ,fc«3fe 

iCXm (b) lcS1-.&B#fa;&g<«iffirSC<i:*i-C#i» 
©-C. iffi«t)l©±«: J; 0 Si^tcS^ 1 o^'f^^a^FM^M'S: 

[0040] iiexS ( b ) i ( c ) i«:fcW^,iaK^ 
tt. 1 0 'CPMX 1 0 0 -CtlTOiBHCC* S C t*^* 40 

[0 04 1 ] ±iaXfi ( a ) ^^Mi^m^^lSUic^ 
mcfc^. ±iBXIl (b> ?:^fn^^SS*-el^S^^><fc 
"5lCtf^5:t)n. ±iaxg (a) {c*jt-tS±IBK^S©ji4' 

tcfct^-c. ±sjmm(o±i^±Mixm (c) ocfcwss^ 

1 XIJH 2 ©^ite^*«<*)l©^ b- + V f Jl/|i£SOfc 

«ji^fiS«:ffife«:ff9ct*«-c*. '^©^©xfi (c) -e 

©X f 4f + i' ;l/(SS©#NjSf?ti*5ifi) ii-r 2> „ 
[0042] ±ia^|£»i*®W. S i G eHXttS i G e 50 
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[ 0 0 4 3 ] ±iaTi6)l«. 3Ud'^)l-C*0, ±ta¥ 

1. ^2©^*ss*»<*»». -<-xgi#tiium@©ii> 

XffitS©/hSl'^'^^ci''"'-''l^-"^ h^>5^;^5f©}KfiK* 

[0044] ±13^ 1 . l^2©^^ifeS^(^f*ll». M 1 

SV'yl^i>7.di(r>'PU<t^—UXh-oX. BiCMO 

[0045] ±BaXg < b ) RO^ ( c ) iSiSSt^tt 

[0046] ±iBXa (b) SO* (c) 400-C*> 
e, 6 5 0 -CCSlSSBSHrt-CtTfttoti^C l^t'*. 
[0 047] 

[^^©ll]iife©J&SSl 1 ©*tSJ^SS) 0 1 ». 
^©#*i6J^®Kftji©¥5»(*Sia't?*4 S i G e - H 
BT©»rffil3'C*>^. 

[0048] isliatcm-r J: ^«:. :*:*ISJgS8©S i G e 
{cj^fiS3n?tN* :?:«!gJli2<b. i^';:3>»«l©Jilc 

LT:Htf?c&©^i^^fiffl®<tK4 <fc . 3 u d'papgp 

15 (ifif+^' + ^l'BXfifUS) *WrSK{t«5RO' 
-€-©±©^'(t^ 6 i , =J u ^' ^pgpSC 1 5 ayHcm)'-) h 
n?cS i :7t)1 7 d. S i Ge;^'^-1M17 a. 

iGeJS7 b*Jj:U'S i ^ ^ v:fmi ci!^hUi>S 
i/SiGell7<i:. ^fr^B^HSi. X 5 d^PiPSP 1 

-> y 3 >H 1 0 i . «!< y v i; n >k i o ©±tcii«3 n 

■tcmmi li. K^kl«l l<!:d<'JV';3»gl 0©PJ 

yavtiffil 3i*ffll^ttt,>S. H1©T:^«:S£ 
Ab-C^i^rJr^CC. S i/S i GeB7cti©S i 
:/g7c«:». i5 .v^»sj<yi/i;3>«fiii 3A^61S;IK 

[0 04 9 ] E12 (a) ~P3 (c) »> :**M}^SS«<: 
isWSS i Ge-HBT©t!{j*Xg*n%-rBfBBia-eA 

[0 05 0] St-. 02 (a) Km-rXS-C. P^Oi' 

=fc}^fiRUfc«. ->«;3>a«l©±«:. Ji;^50 0nm 
©t"J3>B"C*'5>N- j:f^=<=V + ;H13=&Jf5fiS;T 

'«l5°*ffl«/>-C. S iGe-HBT©3Uf *IB*Ht?*^ 



(7) 

U 

i^mmmitm4^Bis.'r2>. 02 (a) -03 

(c) icamin^inxi^ii^^^K —:^<Dm^^M^i&^ 

^'y*-)imifimjis.^tixi^i>, . 'Xtc. m2 (b) tc 

[005 1 ]'XtC, MBE. UHV-CVD*^Ci«L 

ii^l Onm©S i^N*-:'77J17 d. 1 5 nin©S i 
G e 9-B 7 a . If»4 0 n m©i^S i G eJl 7 
b 3 0 n m<D S i + -f > 7'ia 7 c *>6^C 4-&it 

Jl*l 1 OnmCDS i /S i G eJ17 t•1Sf=^^'>■^'^^ 
S iGe;^-^-lM17a*JI^)St- iCi«:J;»J, 

[0052] 'XK. S 2 ( c ) (C/TcTXet?. SfeiitC 

y ^ -tmi^^y^^-^'f^^^^^^^'^^ Si/SiG 
e ® 7 ©If il^SB©±(i^ . 5 0 n mO^ltJg 9 

•r. 

[0 0 5 3] -e©^. 03 (a) iCTTsTTM-C, S«± 
tC. /P;!^2 0 0 nm©iJ<yi^y ^i^Kl O^itSb. C 30 

AL?t^. ;i<'Jt";=3>Kl 0©±icSE'ftRl 1 ^ISa 

[0054] ;jc{c. 03(b) icfn-rxm-c, mu±. 

(C. 1?;^ 5 0 n mOmimR^^^ 1 0 0 n m©g^tli 
[0 05 5] -e©^, 03(c) ICn^fXg-C. »«± 

(c. X 5 -V dim^t ^c-5NSi©jf< y y 3 »gi**^-r 

si 7* h'JVi'^7^-JJjri<!:Xv^>yec 

TA^c^'©^»^aa*^T^^ x = y 3>se i 

3*iP.NS:T^|sfi«i)*. S i /S i Geli7tti©S i +^' 
•:r7•S7 c't'tCtmSli-C. S i Ge^-;^ll©±tcS 5 
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i X 5 5r^flJ«Ran*}i5RS-r4. C©*!^{CJ;«3. X5 

[005 6] JiU±©IgtCj:0. S i -S i Ge'VT-a 
«^88%Wt-S S i G e - H B T*J}BfiS3ti5. 
[00 57 ] 04 5i. 01 ©IV-I\^tC7rt"IRffltC*}W 
i/S iGe@7©«ilBSe^^c«R!ci^S:&l^©Ge 
|i^©r7'n7T-f Jl'=&m-r0t?*2>. |g0tC7jx^J;5 
K. 2|s:|li6m«S©S i G e - H B TtCfcW^. S i /S i 
Ge)17«« N- xf^=^^'>-<';l'a3©ii[±Kti[g-r2> 
.0 S i A-y7r)17 di. S i 7 7 ®7 d©±«:S!W 
e)nfc-/> F-'::^©S i Ge^-^--tM17 ai. SiG 
e;^^_H^g7 a©±tCt5W6n?c«MS i GeJ17 b 

i GeB7 b©±4C®:lt?.tlfcS i 
@7 citC<fc-5-C«fiE3tl-CC>2>. ■et.-C. Si++f 
7 c © ^ iy±mt. N M^iK!g5*ifit:li{«c J: K - 7* 
Sn-Cxi •:»^Jii^r"P. S i ^ff ^117 c©TaP*s 
•«i-;:^B©— SPiift'S. ^Ut:. ■l^S i GeB7 bK: 
*jt,»TW. S i Ge;^-^--lM17 a*i^S i i-:?')! 

20 [ 0 0 5 8 ] C CT?. :*:^H^©» 1 ©^Ji^^©S i G 
e-HBT©1ijS-h©1#»». n Ud' a'lfC^^.N- x 
fdJ=^^->i'Jl'g3i> S i /S i Ge)17tti©S i G e 
/^'^-■y-Jl? ai©Pd3tC. lill©Wl»S i >''t-y7T@7 
d*$Jf5fiJ3n-C(,>*,^tr**. 04©:&0«:nt1-J:^ 
fC. S i ^>* v:7t)17 d4i©GefflRS;*»-<^a-C$>S„ 
feJcL. S i^f 5':?tB7 dtcn^^. GeffllS;**^® 

i^s i Ge^-?--'7TB*J^j«ot:fe. 

[0 0 5 9] 05«. 2tEj|JS}^SSK*JW€»S2^Gexf 
30 5r=^i/-{.;l'fiKS©«?^W^cSaa^'— ir>;^*7rc-r0-C* 
CCt?«. UHV-C VDffifCj:.5)S i Gexf^ 

U^MB EiStCfct^-C fcPHi©^a-Cxb'5r + 2^i';l'e* 

[0 0 6 0 ] 05(i:7i^-rJ;^«c:. :*:^hb©I|1 ©*SSJK 
®-e», ^^5>yt i-c. iSWXffi (UHV) yiSitc 

^5>i/t2-C, 6 5 0'C3i>6B 0 0"Cgtt©iftS*"C 

m^b. d^-f S>i^t 3*>6.t 4s-c©ia (m«2~ 
40 2 o^}-iifi©ra) -rrx-^w c^'ui' ^j-^>if) km 

l^S e^K'ffcK*JilT©Stt.«: J: 0 Sfi©-> 3 ><!:S 

m^^. m^<Dn^>s i l-ci** (»«> ■J'sc 

tK:j:0. xt;^r+2^i'^l'fiS;SS:?f*<'»:fc<'»^lS«^»t^ 
^cS i ffl^rSWS-t^-S, 
[0061] Si O. +Si— 2SiOT 
'JJiCK:. 5>yt 4*^e>t 5*-C©m-C, ■5x/>©ia 
S€r 5 0 0 -C**?. 6 5 0'Cm&<D^&U!ktX'&T$ii 
fc^. 5>i^t 5*>6t6*-C©ra. •i7X^Nffirt© 
50 Sg^9-**ii^-a3nS*t?«^-r5. ^5ei)6 
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WDlyi^vly {S \ . He ). -ty^^^U-^XG e H 

V tc^A-r S C i J: om^S«:!f ^ o 
[0 0 6 2] C<LX*(O^OX^^:,':f^^mm^nh< 

> (S i. He ) . (GeH, ) 

±BS0cSt*&t''SCitCct:9. S i Ge;^-^--1fJiTaCD lo 

^ >^#^> (B, He ) CDS£S:^>5-^<tCi 

tcetJ&TSCitciO. S i +1^ ^:'::^'ii7 c<7>I|8ISWt 
[0 06 3] 0613:. S i Gext;^=^^5^i';l'MC0^£S 

i xf^^v'-f >'Hiit3:. S i Gexf d^ + i^i-Jl/MKltb 
WMii:^mi^mm^t. S i Gextra^ + ^'i'^bMJ: 

^}'rj:0ES^*J^^T«»C<h*5nIfiET*^^o J:-^T. Si 

^c>». S i a->':7tB7 d©xfd?=^^i^t'Jt'RS:S*^c: 
fe. ^CD^COS i GeX-N.-^if)17 a'?>M#4S i GeJl 
S iGemf)miS.^ri?>Ct(fCtj:;^^ tj:i6. -fi. 

B^pji3&i0^^n^<t. ^tiim(omm^BS i Geig(DJi 

^i^B^aS i GeSA^«^Sn€>- 
[0064]/c/cb, S i /^'•:':7Tll7 d^gjC-it/cCi 4 
KliO. S i GeX^— y-Jl? aiS i-''<->:7rH7 d 
<h(DX*;l/=^'-+> ':':7**WcC^fcJ?>. S i Ge;^^- 
V^mi Sits i^'^yyyMl d icD^®Cc^^«:*t-r 

S i G e - H B TOm»^14. #tClg^jSt!^tt*^ 

[006 5] 07^i. :*:^?g<Z)^l<O^JfiffJS8«:J:9S 

jg^n-s s i G e - HBTCD^mm^^ (Mci^mwimi^ 
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^^^:r:7Tll7 d?&m^*S^<^fifi't:Ji*#^tSnTC^2>c c 

*54:0*=3 u ^7 ^ -X a d?ra«E5:^^*'7^ - i U'C^ 

[0 0 6 6 1 S7iC^$n?)J:^0C. ST^^IK^'iffii^ f 

3%fiS. 2 0nmt£'T?i§fln3#/cJS^-efe6%filK-e 

-ISMS i Gell7 b^}^JiSi3ti^rt)am^tCctO + 
0 ^m^^tlXl^^tcit). S i Ge;^--^-1fIl7 aiS i 

e)tc. M*4S i GeJi7 btC*jt:f4rtjaSI^^:A:*<"r 
SCiK:J:0, oSO. S i GeR^icDGeJfilS^^rii 
Ab. <a$4S i Geg7 b<DGeffil5i*i®a4^A^<T 

[0 0 6 7 ] 07:^?^6^'r, S i^^yyrmi d(Dm^ 
{t. 2nm&.±X2 0nm&ir<omm^C&i>Cti)m^ 

10 Lt^o 

[0 068]S8». ^:^Bgk:i:D^KCCS iGe-H 
BT(D1f>:?VU?:i^^t/ci$<D]i&aiffii^t4 (ScAMK 
mm.1& f T iSA^*gi§?«» f m a X ) (D^SJttOS i 
•;r :? T IB 7 d OOW^OC J: ^StBS^^Oc brtbtSJ-T ^0 
-C$>^c ISH^CTnTcfc^^C. S i Tfl^S:t:f/ct^ 

[ 0 0 6 9 ] 0 1 7 ( b ) ttaSTS^ffiffJ^cO^^il 

4:m^^Xi>. 017 (a) tC7nT^Si«*WCC|aJD^ 

^>SSfflK<bM4±tC, +^}^^c;i*cr>^»SSS i/S i G 
e]S8^0fiX-r^Ci;O^r#So 

[007 0] ^mnom i (DHJiff^sitci: s mm*^ 

1 Onmliffi<X)S i /^'•>:7TJ17 d^mii>Ct^J;: 
«JffiT*So -eOJgm. ^i^B^aS i/S i Gefi8*-< 
[0 07 1]CC^. S i ^^^y rMl d^f^fSr^h^A 

jsc^ntji^^^tctiyx^. mtfimmim^mjiyxi.^^ 

So 

[0 07 2 ] */c. GemUmi b«. m^flPiitCj: 
50 0. ?ajaift«l^tc^e«:Rti3^J^^'S i^A*':':7TlB7 d 
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jl'iWrSS i Ge-HBT«:*j(,>-C*>. 

[0 0 7 3] S i ''^'v:7t®7 dCfttoOtc, S 

i Ge;^^--y-B7 a©T:&K, G e ffilS**^ S i G e 

S, -€-©lS^«:4>. GefflB5^3i>iffit,» (S ifflfiS^A^iS 
. -:>*0, xf^f+v^f -"USSiiS^JS iGe;^^ 
-1^)17 a J:i3^)it>S i Ge/f f :?Tli*xfi?+-> 

S i Gelg*J^fi£-rSCi*s^«g-C*&. SiG 
e-'^•-y7 7J14^W/c^i^K:». S i 7 tH? d J: 

;p:^-_^g:^/jN5<-C#S/ci&. SiGe-HBT®i» 
eijg!^©®T%E*^-^'^. xf^+>'i'Jl'^S©l^jS 20 

[0 0 7 4] S i^t >'>'7®7 d»> ->>;3>M 

t?A-SN- itf^ + i^ + ^'l'eaiWgSS i Gelgi© 

jlL-oo. '^;-X)lct3<DGeffifi£^**i*D3l3-«>Ci*s 

[007 5] (1^2 ©JliiffJ^) :^^m<Dm 2 ©^JfJ 
Sll*. S i astc-SK/f ©S i f 7 T II 7 d ^JfJlS 30 

[0 0 7 6] 09ii. /Js:||iSJfjejKfcW2>S i Gext• 
CC-CW. UHV-CVD^{CJ;SS i Geit^' 
+2^-i';UKJS«K:ot,ir^-^-5A^ LP-CVD?**J<t 
D^M B E tcfc t fcPHi©^ffi-C i f f JUi* 

[0 07 7] EI9«:7j^-r<fc5«:, :^m<omz(O^B 

if) $m^nrj:-z>tc^. ar^= 4*^6 t 5*t?© 

5rW5>i^t7 3!P6t 8 prorates i G e 
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i4S i Ge^7 b©fiXlS«:tf?*t,\ $-fS>^t9*^e. 
BFf^^raoWCc s i -f 7 c ©fiKIS^tTii 5 H&M 

[0 07 8] CCr. Si/-?'?-? 
tS7 d©fiRK?:^T^c^^©■^'^''^^aS?:. SiGe;^ 
'^--9-)17a. i^S i Ge)17 bS.O'S i +f 

[0 0 7 9 ] fi^ltJ^. 09«:7j^-r«fc5K:, :^ifeJfJ^ 

<!: 0 4)§ €'ic{&Stc$-CTi-f-rA^6. 

-rS*-Ctt-3.-C> df-Y 5>^t 1 l*^6t 1 2*-^©Pa 

-c. BifSi£fi©J>^>^> (Si, H. ) ©«^&*^Tft•5 

-C. S i T»7 d©R£R?:tfZ3:^ (Xf ?:?* 
A ) . -e©^. d^-f 5>^t 1 2*16 t 1 3S-C©K 
-C. 'l^x.J^m&^^UL. 5r-f 5>i/t 1 3*»P»t7* 

[0080] CC-C. T.'j-vZfK' «:*JW2.'i7X/>ma 

[0 08 1 ]^10». S i x.t-df4^i^f ^US©JSSM 
K©'i'x>'>aKflS??t4=£*-r0-C*S. raiatcm-TJ:^ 
iC. '?i/>jaK*^6 0 0*C©i#©RSEfi3SElt'fc*i*<t-?" 
>^7X/^®tt*2 O'CgSTtfi* (5 8 0'C) C t 

^4 0°C|gerFlfi (5 6 0-C) C:i{Cj:i3. xf5r + 

+ }\^m.Wim.\% 1 /4 sKKffiT-r * c i ^st^^^^, 

c©J:5(c. s i xt*^=^•^^*-'^^©'^SSji^^3:. '^'i 

S i /f f 7 T e 7 d ©)Blll*s-5£'C* StB^-t? . fiSS 

Se=5rfiT§-l±'5)C<i:K:J; "3, S i /^*•v 7)17 d©R£ 

7)17d©R5cgjiS«:ffiT$-«*Sf:i{CJ:»). Xf^^ 
A" K:fcW^M*il*'X#^*&I>$ra€:g<rSC<!:*i-C|fS 
©-C, -e©ra. iffe^Il©aB±K:^>+^ttfiSEfi^. 

S i GeX--c— 9-)17 a. ««S iGeli7bRUfS i 

jito©^iiesB=feJ^)iS-r4 c idi-r^ 

) [0 08 21 >3:*s. •;>x/^^le=S:20•CgK®T3•^^4 

C ^ K J: 0 , -e-©BMmtcigSSS©fcii)©«J^^M*«'i5' 

si«£2>*i. t>-r*»©B$pa©iiJHi'cj?ft*©-c. 

[0 0 8 3 1 ^-L/tr. S i >'-<^'7 7)17d?rJK)?KL/fc^ 
©S i GeX-i--»M17 a^«^S i Geli7 b©fi£^ 
?:**©'i7X/N}a§[tcRL.-Cif&^Ci«:J:i5. teSB* 
IH©J«Jjn=S: Rfi ^ c i *i-C* 4. 

[0084] SetC. S i ■7 7117 d^riSSfx b* 

0 fe. ;E«^/>^«l&i^ra*S<'C#5Ci*>6. «ft»li© 
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[0085] JlrSlitJl^lS-CW, ^iHfi^^tx fif+Vi' Jl/ 
fi£fiSS% 6 0 0 "Ci U-ClSiBJ^tfi^J: o/c*^. COiSK 

!SWftxf5f+i^i';l'»SfifiK*S6 0 o-c-cftt»^T 

Stc^fL/t. s i -''52' 7t®7 d©)?£:giaS^tl>PtWlc 

stt*«4 0 o'CAi6 6 5 0 wiaaiSHrt-cxh-^+i^ 

[0 08 6] 3 etc. :4^i6J^flSK:*iW€>if ^f + i^i- 

;nss*fr-ew, I f^+'>* juEESise* 2 0 -am. 

[008 7] Mcl>. 0 1 0*»e*^-C. 
SillK:^»-rS/c«t>K». •>3i/>S9[(DfiT*i*«l O'C 

[0 0 8 8 ] «±cDC<tJ:<3. S i /^•■7 7TS7 d©eS; 
SfflKcD;^**J; 0 Tif 2> C t K J; •) . I- © 

eT'fe*i;-5C:i>S:<. S i Geif^+i^f^l/fiSS© 

[0 0 8 9 ] **i6JK^IiC*J<'^"C^- Ge«$4)17b 

fiS*©^a7T -^^U^W-rSS i Ge-HBT«:*SC>T 

[0090] 35 /c, :*:HiteJf$?JK*sC>T:fe. S i /■<•:' 7 
TB7d©f^toO«:. S i Ge;^'<— !?-®7 a©T:^r 
tC. GeJfflfiS^AiS i Ge^'.-i— 9-)17a<l;0^f>e<.^S 

i Ge^-t-;'7TJa€:^W'5CitCJ;'3. J^^W©**^^ 

[0 09 1] S^K;. S i tH 7 d€:}^)iS;Ui^cC» 
tg^-C^>, S i Ge;^'^--9-)17 a, $)2»<,^3:S i G e 
«f 7 a©— SI5©J&)S3tfitcfcC>-C> fiSSSS** 
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[00921 3 ©I^SSJ^S^ ) *^^©^ 3 ©^IKJ^ 

T-C. S i>''C'y7TB7d©|glf-^R£lSB$F^tcKSf*# 
^ 5 C i < > iffeigt®©»ffi±t?©BSI^^JfJfi£^<Kt'^ 
SCilcJ:*). it^+->+Jl'fi£S©^^jMtR14^:$6(c 
|SJ±3-B-C. i|!g)lit)l©«iB±t?©#^»SS)l©JI5RRS:(Sji 

[0 0 9 3 ] ® 1 1 1*> Si Jif3»+Jx-vJl'^©J5;Sa 
i^^tcS i xt*^ + >'i'.'l'K©fi£ffiSfi©'l*^*'^S&fi 

[0 094] WM-f1:^<^^M^i^^'^i>Cti,c 
± ^) . itei^B©«BS±^^:«»SSn^.Mt4;(/;=^©^^=•lla** 

•c©^0^S;?:<Sji-r ^ C i K J: r Mt4*f -^©ttl&IStS 

6 ^^ifeB^B)iRSiS*i>& * 2> * "^©B*ra"^* ^ * 

ffiffl-C**©-r. S i ^-^f 7t)17 d©xb-5f + i^i'^U 

^s©fca«)©B#ra*5|DiD-c4>, Mt^B#ra©m^»/£t^. 

[009 5] :$:JliS3TJ®tcfcC>T W. ±ta©^f!.'&*'Jffl 
L-C. *f6B^©l^l©SIJteJ^SIiPI«K^. S5«:^rTi^ 
30 -dr>;!^©*JHT. S i'<'»7yB7 d. SiGe;^'< 
--tMg7 a. M*4S i Ge)17 bRU^S i + f 7*11 7 

c©fKli%*sc^£^*^ 05K:5^-r;^7^f ^'Aoiaffi, 
s i/N*f 7Te7 d©jKfiS;©RS©)if**^^ (^^ 

©?iEE«*. ^l©^SfeJi$^J;0fcit;^3i±2>, 
[0 09 6 1 *llt6}K^lcJ:Si. Si^^•-^7rS7d 
©fi£:g©^ {;^f-^'7"A) fc, ^©iS©Jlf4^^ 

40 (cio-r. itffi»)B©«ffi-b"^®^Ji5fiS«:<aji'r4c<fc*' 

-C#S©-C, S i Gexed'+i^i'A/fiSfi©*iSlR14* 

J: 0 isi± 3 -tt s c i *J # a . 

[0 09 7 ]C©tB^v S f 7t@7 dJKRSiae-T? 

[0 09 8] S5tCn^-r^'— ^>XtC*Jt»T, %^ 
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g$-«i4:3^f" -:':^A*tfi:t<,v 5 t 7*>6 t 8 
*-C©fflfCS i Ge:^;--;— tM17 a(Df^%'nfi^K ^ 
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